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Abstract – Sustainable development not only creates employment on the local level, but is also a source of 
safe food, a basic condition of the preservation of landscape diversity, a counter‐weight to population 
decline in rural areas, a corner stone of agricultural tourism, and a factor that enables the implementation 
of other environmental and social functions of space which enhance the quality of life, such as ecosystem 
functions, aesthetic functions, cultural functions and recreational functions. Introduction of Modern 
agricultural technologies has made an outstanding role for achieving the goals of sustainable agriculture. 
Due to uneven distribution of such technologies Indian agriculture is facing regional disparity in 
Agriculture. So assessment of agriculture sustainability index and its linkage with degree of agricultural 
modernization is one of the supreme priorities for the researcher. Spatially Bankura, an agro based district 
of Bengal had a good combination of modern and traditional agricultural practices. After calculating 
Degree of Agricultural Modernization (Sen and Randhwa) and Sustainable Livelihood Security Index 
(Swaminathan), it is found that agriculture sustainability follows agricultural modernization. Therefore to 
achieve the goals of sustainability, modernization of agricultural is the essential need for India. 
Keywords: Index of Agricultural Modernization, Sustainable Livelihood Security Index (SLSI), Ecology 
Security Index (ESI), Economic Efficiency Index (EEI), Social Security Index (SSI) 
Introduction – 
 Agricultural production has witnessed dramatic rise in the last 3 decades or so in the countries world 
over. In India, Green Revolution brought about technological breakthrough, which led to the use of short 
duration high yielding varieties helping intensive use of land in a year, increasing area brought under irrigation 
and prolific use of chemicals such as fertilizers and pesticides. The good performance in agriculture can 
diminish levels of rural poverty and meet increasing demand of agricultural products (Ahluwalia, 1978). 
Therefore development of agriculture would be positive catalyst for Sustainable Development. 
 The concept of sustainable agriculture combines characteristics such as long-term maintenance of 
natural systems, optimal production with minimum input, adequate income per farming unit, fulfilment of basic 
food needs, and provision for the demands and necessities of rural families and communities (Brown et al., 
1987).   
In this sense, sustainable agriculture not only creates employment on the local level, but is also a source of  safe 
food, a basic condition of the preservation of landscape diversity, a counter‐weight to population decline in rural 
areas, a corner stone of agricultural tourism, and a factor that enables the implementation of other environmental 
and social functions of space which enhance the quality of life, such as ecosystem functions, aesthetic functions, 
cultural functions and recreational functions. Sustainable agriculture may be regarded as the successful 
management of resources for agriculture to satisfy the changing human needs while maintaining or enhancing 
the quality of environment and conserving natural resources (FAO, 1991). 
 Degree of Modernization was measured by Sengupta (1969), Singh (1994) and Sen and Randhwa. 
Measuring sustainability with indicators and their aggregation into indices is quite common method used by 
researchers. For example, Hatai and Sen (2008) have analyzed the usefulness of highly aggregated SLS index 
(Sustainable Livelihood Security Index) of agricultural sustainability in the thirty districts of Orissa. Likewise, 
Sands and Podmore (2000) presented the design and development of environmental sustainability index (ESI) 
for agricultural systems and confirmed its efficacy in practice. Furthermore, Gomez‐Limon (2010) conducted an 
empirical evaluation of sustainability with composite indicators for agricultural systems. Moreover, the 
sustainability at the farm level was evaluated by van der Werf and Petit (2002) through 12 indicators and 26 
objectives. Vecchione (2010) has developed Agriculture Sustainability Index (ASI) and has tested it on the 
agricultural area Alta Val d'Agri in Italy. Walter and Stuetzel (2009) used the standardization process in which 
indicators are first normalized according to their contribution to sustainability, and then they are corrected by a 
factor that describes the significance of this impact in terms of exceeding the threshold. 
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 Bankura district has been selected as a study area. The district is lying in a marginal fringe of the 
western undulating surface and eastern alluvial Plain of Bengal (Figure No 1.1). As a result Agriculture 
potentiality increases from west to east. The district has a high combination of modern and traditional practices. 
Agricultural Modernization has started in the eastern part of the district whereas the western undulating region is 
still accompanied with traditional agricultural practices. As a result a high level of regional disparity is apparent 
in the socio economic sector in the district. Creation of Agricultural sustainability can reduce the gap. The 
district therefore offers the opportunity to compare and contrast the impact and sustainability of the modern and 
traditional farming practices. 
Figure No – 1.1 
 
Objectives –  
 The objectives of the study are as follows – 
 I) To quantify the level of Agricultural Modernization and Agriulture Sustainbility in th Study area. 
 II) To compare Agriculture Sutaianbility with Agriculture Modernization in the study area. 
Methodology – 
  For calculating the degree of modernization in agricultue, the data on diagnostic techno-
chemicl indicators of modern farm technology of every block were prossed and related to the corresponding 
district level values, and location quotients obtained (Sen and Randhwa). The seven location quotients thus 
derrived were summed up to arrive at the composite index of level of modernization in agriculture. The summed 
up location quotients were then divided by the number of components of modern farm technolgy considered and 
multiplied by 100 to derive the degree of modernization in agriculture. The equation may be written as  
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  Total of LQs 
Degree of Modernization in Agriculture = ∑ LQ s×100/n 
Where Ima implies the composite index of level of modernization in agriculture 
T means tractor per 1000 hectares of cultivated area 
TOI denotes tractor operated implements per 1000 hecatres of cultivated area 
HI abbreviates harvesting implements per 1000 hecatres of cultivated area 
IPS covers irrigation pumpset per 1000 hecatres of cultivated area 
PPC stands for plant protection equipments per 1000 hecatres of cultivated area 
Hy means the area under high yielding varieties as percentage total cropped area 
CF denotes the use of chemical fertilizer in kilogrammes per hectare of cropped area 
N specifies the number of components of modern farm technology used in the study 
e and r stands for the block and the district respectively 
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 Swaminathan (1993) has identified a relative approach to measure Agriculture Sustainability. In an 
operational context, the multidimensional conception of   Sustainable Livelihood Security Index (SLSI) requires 
three composite indices, viz. (Ecology Security Index , Economic Efficiency Index and Social Security Index), 
so that it can take stock of both the conflicts and synergies among Environmental, economic and social equity 
aspects of Agriculture Sustainability. 
 Let X ijk and SLSI ijk denote the value of the ith variable, jth component of kth house hold and index for 
the ith variable representing the jth component of the SLSI of the kth district respectively. Then we have: 
SLSI ijk  =
             
                
-----------------------------(I) 
SLSI ijk =
                
                
----------------------------(II) 
Where,  
I =Variables (1, 2, 3 …………….) 
J = Components (1, 2, 3 …………) 
K= House Hold (1, 2, 3 …………) 
 Equation (I) is applicable to variables having positive implications and Equation (II) is applicable to 
variables having negative implications for Sustainable Livelihood Agriculture Index (SLSI). The numerators in 
Equation – I measure the extent by which the K th block did better in the ith variable representing the jth 
component of its SLSI as compared to the region (s) showing the worst performance. The denominator is 
actually the range i.e. the difference between the maximum and minimum values of a given variable across 
districts, which is a simple statistical measure of total variation evinced by that variable. 
 Having calculated the SLSI ijk for all variables, the indicators the indices for various components of 
SLSI were calculated as a simple means of the indices of their respective variables i.e. 
∑        
 
   
 
   SLSI jk = ………… (III)         
                                                     1 
Where, 
j =1, 2, 3……………….., j, and 
k = 1, 2, 3, ………………. k 
 Then the composite indicator for each house hold was calculated as weighted mean of the component 
indices obtained from equation (III), i.e. 
   
∑              
 
   
 
   SLSI jk =    …….. (IV) 
     J 
 The W jk in Equation (IV) denotes the weight assigned to the jth component of SLSI of kth region, and 
has the property that: W jk +…………. + W jk =1. If the weights are identical and sum up to unity, then SLSI is 
calculated as a simple mean. But when the weights are difference across all the js and ks, then SLSI* is 
calculated as weighted means. 
 The approach used to derive the weighting scheme with the above two properties can be described in a 
more generalized form as: 
Algebraically, 
Max  ∑        
j
    
Subjected  
∑     
 
   
 
Where 
ajk = Coefficient associated with the jth component of SLSI of House hold K, and 
Xjk = Value of the jth component of SLSI of house hold K and 
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 In other words, the problem specified above states that the weighted sum of the value components of 
SLSI* is maximized such that the weights sum up to unity. Due to very nature of the maximization problem 
specified above its solution, i.e. ajk (j = 1, 2, 3……., J) will be greater than others and those Xjk (j= 1, 2, 3, 
……, J) that have higher values than others and vice-versa. It requires instead, the ajk (j = 1, 2, 3,…., J) to 
assign higher weights to those X jk (j = 1, 2, 3….,J) that have lower values and vice-versa. This is for two 
important reasons. First, taking the ajk straight as weights could create a biased composite indicator that inflates 
the contribution of better `performing component and deflates the least performing one, defeating the very 
purpose of the weighting system. 
 To obtain ajk that will assign a higher weight to Xjk, that has lower value, we first take the inverse of ajk, 
i.e. 1/ajk and denote this ratio as rjk; then the actual weight to be assigned to Xjk, i.e. Wjk, will be equal to (“rjk”). 
By repeating the procedure, we could find a set of district and component-specific weights for the districts for 
which the SLSI* was to be constructed. 
Selection of Variables 
 Agriculture Sustainability is a cross sectional measure. Hence variables have been selected from three 
aspects. The selected variables in macro and micro level have been presented in the following schematic 
diagram. All the data has been collected from the office of Bureau of Applied Economics and Statistics, West 
Bengal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flow Chart of the system of Agriculture Sustainability Indicators 
 Using six indicators of Agriculture Modernization, Index of Agriculture Modernization has been 
designed. The average Index of Modernization of the all twenty two blocks is 141. Highest Index is in Kotulpur 
Block (395), followed by Joypur (254) and Indus (248). Lowest Index is obtained by Bankura –I( 26), followed 
by Taldangra (42) and Saltora (42). Wide range (369) between Maximum and Minimum Index reveals the fact 
that there is wide spatial variation in the level of Agriculture Modernization. Out of twenty two blocks, eight 
blocks has been identified where index of modernization is less than 100. The category is termed as low index 
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of modernization. Simultaneously only four blocks has been identified where index is higher than 200. These 
are Indus, Joypur, Bishnupur and Kotulpur. All of the blocks are situated in the eastern part of the district. These 
blocks have been categorized as high index of modernization. It proves the fact that Index of agricultural 
modernization is gradually decreasing from east to west.  Spatial pattern of Index of Modernization has been 
shown in the following figure (Figure No -1.2). 
 The average value of Ecology Security Index, Economic Efficiency Index and Social Security Index 
are 0.40, 0.43 and 0.47 respectively. The study revealed that the values of sustainability ranged from 0.11 to 
0.82 for Ecology Security Index (ESI), 0.23 to 0.73 for Economic Efficiency Index (EEI) and 0.21 to 0.71 for 
Social Security Index (SEI). This shows that the agricultural systems of all the blocks in Bankura display wide 
variations in their ecological, economic efficiency and social equity aspects. The average of Sustainable 
Livelihood Security Index of twenty two blocks of the district is 0.13.The SLSI indicated a range from 0.21 to 
0.65 and SLSI* reflected a range from 0.26 to 0.75. The SLSI* ranking of various blocks differed significantly 
from their SLSI ranking. For example in Indus block, the rank for SLSI is eight whereas it is two for SLSI*. As 
a result, the effect of the weighting procedure of SLSI* range deflated a slightly better performance but inflated 
the poor performance substantially.  
Table No – 1.1 (Block Level Pattern of ESI EEI and SEI) 
District Bankura – 2011 
Sl No Blocks ESI Rank EEI Rank SEI Rank 
1 Bankura-I 0.31 14 0.25 21 0.21 22 
2 Bankura-II 0.38 12 0.23 22 0.29 20 
3 Mejia 0.36 13 0.38 13 0.34 17 
4 Chhatna 0.11 22 0.52 5 0.60 3 
5 Gangajal Ghati 0.25 16 0.38 12 0.52 9 
6 Indpur 0.24 18 0.33 18 0.41 16 
7 Barjora 0.24 17 0.38 11 0.51 10 
8 Ranibandh 0.17 21 0.27 20 0.48 13 
9 Khatra 0.52 6 0.41 10 0.50 11 
10 Hirbandh 0.28 15 0.33 17 0.25 21 
11 Saltora 0.18 20 0.30 19 0.45 14 
12 Onda 0.24 19 0.48 8 0.55 7 
13 Bishnupur 0.45 9 0.51 7 0.55 6 
14 Taldangra 0.41 10 0.35 15 0.58 5 
15 Simlapal 0.48 7 0.33 16 0.32 18 
16 Sarenga 0.57 4 0.41 9 0.48 12 
17 Joypur 0.72 2 0.70 4 0.63 2 
18 Patrasayer 0.39 11 0.73 1 0.44 15 
19 Sonamukhi 0.47 8 0.51 6 0.30 19 
20 Indus 0.61 3 0.71 2 0.55 8 
21 Raipur 0.53 5 0.37 14 0.60 4 
22 Kotulpur 0.82 1 0.70 3 0.71 1 
Data Source: Bureau of Applied Economics and Statistics, West Bengal 
 The SLSI* ranking implied that the blocks having the best conditions for sustainable development of 
agriculture were Kotulpur (0.75), followed by Joypur (0.69) and Indus (0.63). Similarly, the blocks having the 
least desirable conditions for SDA were Bankura-I (0.26), followed by Hirbandh (0.29) and Bankura-II (0.31). 
The SLSI* ranking appeared to effectively identify the advanced and backward blocks. It was observed that 
blocks with better SLSI* ranks were often described as advanced blocks using other ecological, economic and 
social indicators. On the other hand, the blocks with the lower SLSI* ranks were generally known as backward 
blocks i.e. blocks with poor conditions for sustainable development of agriculture during the reference period.  
 Hence, SLSI* reflected the picture of overall performance of a blocks, its component indices indicated 
how the blocks fared in the three dimensions of sustainability. It was noted that Kotulpur blocks had the highest 
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SLSI*, but in terms of comparison of three indices, its performance of economic efficiency was not so good as 
its ecological security index and social equity.   
Table No – 1.2 (Block Level Pattern of SLSI and SLSI*) 
District Bankura – 2011 
Sl No Blocks SLSI Rank SLSI* Rank 
1 Bankura-I 0.26 22 0.26 22 
2 Bankura-II 0.30 20 0.31 20 
3 Mejia 0.36 17 0.36 17 
4 Chhatna 0.41 3 0.52 5 
5 Gangajal Ghati 0.38 9 0.41 13 
6 Indpur 0.33 16 0.34 19 
7 Barjora 0.38 10 0.41 14 
8 Ranibandh 0.31 13 0.36 16 
9 Khatra 0.48 11 0.48 9 
10 Hirbandh 0.29 21 0.29 21 
11 Saltora 0.31 14 0.35 18 
12 Onda 0.43 7 0.47 11 
13 Bishnupur 0.50 6 0.51 7 
14 Taldangra 0.45 5 0.47 10 
15 Simlapal 0.38 18 0.39 15 
16 Sarenga 0.49 12 0.49 8 
17 Joypur 0.69 2 0.69 2 
18 Patrasayer 0.52 15 0.56 4 
19 Sonamukhi 0.43 19 0.45 12 
20 Indus 0.62 8 0.63 3 
21 Raipur 0.50 4 0.52 6 
22 Kotulpur 0.75 1 0.75 1 
 
Data Source: Bureau of Applied Economics and Statistics, West Bengal 
 Among the three aspects of Sustainable Agriculture, highest value of Standard deviation is found in 
Ecological Security Index (0.18), followed by Economic Efficiency Index (0.15). Therefore, the least deviation 
is found in Social Equity Index (0.13). So it proves the fact that, among the blocks of the district highest 
disparity is found in ecological sector and the least is in social sector. In the context of inter-blocks comparison 
of component indices (ESI, EEI, SEI), Kotulpur (0.82) block dominated in ecological security in the Eastern 
Bankura, followed by Joypur (0.72) and Indus (0.61), while most of the blocks of western Bankura had poor 
performance in Ecological Security. The worst performing blocks in Ecological Security were Chatna (0.11), 
followed by Saltora (0.17) and Ranibandh (0.18). The better performing blocks in Economic Efficiency were 
Patrasayer (0.73), followed by Indus (0.71) and Kotulpur (0.70). Similarly, bottom list blocks in Economic 
Efficiency were Bankura-II (0.23), Bankura-I (0.25), and Ranibandh (0.27).  
 In the case of Social Equity Aspects, the blocks which performed better were Kotulpur (0.71), Joypur 
(0.63) and Chhatna (0.60). On the other hand, the blocks which performed worst in Social Equity were Bankura-
I (0.21), Hirbandh (0.25) and Bankura-II (0.29). Other worst performing blocks were Sonamukhi, Simlapal and 
Mejia.  Thus, the blocks of eastern Bankura had a better performance in Social Equity as compared with the 
western part of the District. 
 Consequently, the overall performance of the  blocks in terms of their SLSI* revealed that only seven 
districts out of 22 blocks in Bankura (about 1/3rd) had an Index of SLSI* above 0.50, while eight blocks had 
SLSI* value lower than 0.40. Among the seven blocks of high SLSI*, five is situated in the eastern part of the 
District. Despite western location, Chatna is the only block where SLSI* is above 0.50.  Again out of the eight 
low SLSI* blocks, six block is situated in the western part of the district. Moreover, most of the blocks in 
eastern and south eastern Bankura had shown better performance in Agricultural Sustainability in comparison to 
the blocks of western Bankura as a whole. Therefore, block level pattern of SLSI* has been categorized in to 
following three zones and it has been shown in the following figure (Figure No 1.3). 
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Figure -1.2      Figure -1.3 
 
 Above map shows that both modernization and sustainability are high in eastern part of the district. It 
gradually decreases from east to west. So it reveals that enhancement in the degree of modernization will help to 
increase the agriculture sustainability. Indus, Joypur, Bishnupur and Kotulpur are the blocks where both (Index 
of Modernization and sustainability) are high. On the contrary Bankura-I and II, Saltora, Mejia and Ranibandh 
are the blocks where both are low. Simultaneously Gangajalghati, Sonamukhi, Onda and Sarenga are the blocks 
where both are in medium category. Despite low index of Modernization Agriculture Sustainability is medium 
in Hirbandh, Indpur and Simlapal blocks. These are the potential blocks where high level of sustainability could 
be aachieved if modernizations can introduce. Despite high index of modernization sustainability is moderate in 
Raipur, Chatna and Patrasayer blocks. Out of twenty-two, twelve units (55%) have been found where index of 
modernization and sustainability are in homogeneous category. Level of Agricultural Modernization and 
Agriculture Sustainability has been correlated in the following graph (Figure No -1.4) and the high value of r 
(0.79) reveals the fact that agriculture modernization has high positive correlation with Agriculture 
Sustainability. 
Figure No -1.4 Showing Correlations between Degree of Modernization and SLSI 
 
Conclusion - 
 High association between degree of modernization and agriculture sustainability proves that 
sustainability follows the agriculture modernization. Therefore to create sustainable agriculture, agricultural 
modernization has to be introduced. Introduction of modern agricultural technologies spontaneously enhance the 
existing agricultural landscape of the country.  Again sustainable developed agriculture only can build an 
optimal socio economic environment. Unless and until a block is self dependent in agriculture it can’t be 
developed in socially as well as economically. The physical, social, cultural and economic condition of the 
Indian villages is greatly influenced by Agriculture. 
References 
Ajagekar, B. ., & Masal, M. . (2011). Regional Disparities in the levels of Agricultural Development in Kolapur 
District of South Maharastra. Indian Streams Research Journal, 1(II), 139–144. 
Binoo, P., & Vijayaragavan, K. (2001). Adaptation of Sustainable Agricultural Practices by traditional Rice 
Growers. Journal of Tropical Agriculture, 39, 151 – 156. 
R² = 0.6276 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0 100 200 300 400 500
S
L
S
I*
 
AGRICULTURE MODERNIZATION INDEX 
Modern Agricultural Practices and Its Sustainbility –A case study from Bankura district of West Bengal 
 
Asian Journal of Multidisciplinary Studies, 4(7) June, 2016 120 
Bruges, M., & Smith, W. (2008). Participatory approaches for sustainable agriculture : A contradiction in term ?. 
Agriculture and Human Values, 25, 13–23. 
Buragohin, R., Hazarika, J. P., & Deka, N. (2014). Agriculture Sustainability in Assam - An Economic 
Analysis. International Journal of Research in Economics & Social Science, 4(8), 33 – 37. 
Chakrabarty, P., & Mondal, T. (2013). Boosting Agri-toursim and sustainability A study in Rarh region of West 
Bengal. ILEE, 36(1), 156 – 160. 
Dutta, A. K., & Gupta, R. Sen (1969). An Assessment of Agriculture Development in West Bengal. The Journal 
of Tropical Geography, 128, 18 – 21. 
Elkar, R. ., Mark, I., Khun, M., & Bedrac, M. (2013). Agriculture Sustainability Index of Slovania. Institute of 
Economic Research, 78, 01 – 16. 
Ghosh, S. (2013). Agriculture - Human Development Linkage: A case study of Barak Valley Zone of Assam. 
Asian Journal of Multidisciplinary Studies, 01(05), 186–199. 
Goswami, P., & Nishad, S. . (2014). Assessment of Agriculture sustainability in changing scenario. Current 
Science, 106(04), 552 – 557. 
Hatai, L. D. (2008). An Economic Analysis of Agricultural Sustainability in Orissa. Agricultural Economics 
Research Review, 21, 273 –282. 
Nandi, S. (2015). Agriculture Production and food security in India. case study of Bankura district, West 
Bengal. India 2014 Population and Development, 01, 179–183. 
Singh, J. (1979). Commercialization of Agriculture in Punjab: A Spatial Analysis. Geographical Review of 
India, 41(01), 1–10. 
Sustainable Agriculture. M. S. Swaminathan Research Foundation, 4, 154–165. 
  
